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Skin friendly adhesive dressings suitable for application such as wound dressings including first aid dressings, in- 
clude a support layer which may be a knitted, woven or non-woven fabric or a microporous or continuous polymenc film, 
onto which is coated an inherently tacky gel or foam polyurethane adhesive. The adhesive contains less than 10 % by 
weight of materials leachable into water. 
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ADHESIVE DRESSING 

The present in^^entlon relates to adhesive 
dressings. More particularly the invention is for 
dressings utilizing skin-friendly inherently tacky 
polyurethane gel or foam adhesives such as would be 
required for wound care applications. 

The use of polyurethane - based adhesives for skin 
application has been proposed, although not for 
applications where it is necessary for there to be 
substantially little or no leaching of materials from 
the adhesive and where the adhesive is required to be 
skin friendly. 
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In British Patent Nos 146817 and 1351909, there are 
described adhesive formulations r which may be inter alia 
based on polyurethanes which contain essentially 
leachable medicated extracts • Although such adhesives 
may be tacky, there is no suggestion that such 
formulations are gel or foam adhesives of inherent 
tackiness and a low level of leachable materials. 

European Patent Specification No. 0147588 discloses 
self adhesive sheet-like structures comprising a support 
layer at least partially covered with a gel adhesive 
containing a mixture of a cross-linked polyurethane and 
immobilised polyhydroxy compounds having an average 
functionality if at least 3. However, such adhesives 
contain considerable amounts of leachable materials, in 
some cases as high as 50% and would not be suitable for 
use in wound areas of high exudation. 

The present invention seeks to provide an adhesive 
dressing in which the adhesive is skin friendly i.e. 
causes no tendency to strip skin layers when removed, 
leaves no deposits, and yet can be employed for direct 
wound contact and contains substantially no leachable 
materials . 
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According to the present invention there is 
provided an adhesive dressing suitable for application 
to skin including a support layer for a coating of a 
polyurethane gel or foam adhesive, which adhesive is 
inherently tacky and contains not more than 10% by 
weight of leachable materials. 

Tack is a property of an adhesive whereby light 
contact with the surface of another body brings about a 
condition requiring force to restore the original 
separated state, that is a property which will inhibit 
but not wholly prevent the removal of a smooth 
contacting surface such as a metal probe or a human 
finger. By inherent tack means the gel or foam 
possesses this property without requiring the addition 
of any further adhesion promoting component such as a 
tackifier. Tack and how it may be measured are 
discussed in Chapter 3 of Handbook of Pressure-Sensitive 
Adhesive Technology Editor D. Satas, Van Nostrand 
Reinhold Co. Inc. New York, 1982. 

Suitably the inherently tacky gel is a pressure 
sensitive adhesive, that is the adherency of the gel is 
dependent upon the force used to apply it to a surface. 
Qther types of adhesive which comprise, inherently tacky 
gels of highly hydrophilic polyurethane and inherently 

SUBSTITUTE SHEET 



wo 88/01878 



PCT/GB87/00d58 



- 4 - 

tacky foams of highly hydrophillc polyurethanfe are 
however, also within the scope of this Invention.. 

The dressings of the invention are fxirther 
characterised in that the content of materials leachable 
into water will be no greater than 10% by weight of the 
adhesive. More suitably the content of. materials 
leachable into water will be less than 5%, preferably 
less than 2*5% by weight of the adhesive. The adhesives 
used in the dressings of the invention do not require 
the presence of additives such as hxamectants or 
plasticizers which may leach out into a wound surface and 
thus be considered generally unsatisfactory, . 

The adhesives employed in the dressings of the 
invention may be hydrophilic polyurethanes . One class of 
highly hydrophilic polyure thanes are those prepared by 
reacting water of a polyol with an isocyanate prepolymer 
which is the reaction product of a polyfunctional 
isocyanate and a polyoxyalkylene diol monoallcyl ether. 

By highly hydrophilic is meant that the 
polyure thane when hydrated may contain from 35 to 95% by 
weight of water, aptly 50 to 92%, preferably 70 to 90% 
and more preferably 75 to 85% by weight water. Water 
absorption can be obtained by taking a known weight of 
SUBSTITUTE SHEET 
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I 

the polyurethane and immersing in water for 24 hours. 
The hydrated polymer is removed from the water, excess 
water is removed by lightly blotting with absorbent 
paper and then the hydrated polyurethane is weighed. 
The water absorption of the polyurethane (% by weight) 
can then be calculated as 

(weight of hvdrated polyurethane - weight of d ry polyurethane )x 100 

weight of hydrated polyurethane 

The inherently tacky adhesive gels or foams may be 
formed by mixing a prepolymer formed as the reaction 
product of polyisocyanate and polyoxyalkylene diol mono 
alkyl ether with a molar excess of water or with a 
stoichiometric amount of polyol or polyol mixture. The 
polyol is preferably a diol or mixture of diols. The 
excess of water used is absorbed by the tacky gel or 
foam produced. 

Another class of adhesives suitable for use in the 
present invention are polyurethane adhesives which also 
contain acrylate residues in addition to the 
polyurethane residues. Such adhesives may be prepared 
by reacting an isocyanate prepolymer, which itself may 
be the reaction product of a polyfunctional isocyanate 
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and a polyoxy alkylene diol monoallcyl ether, with a 
hydroxy containing compoiihd, e.g- water or a polyol and 
a hydroxyl - containing ester of acrylic or methacrylic 
acid and/or mixtures of such hydroxyl - containing 
compounds . 

Suitable polyoxyalkylene diol mono allcyl ethers for 
use in forming the prepolymers employed to prepare the 
adhesives employed in the present invention include 
those in which the alkyl group contains from 1 to 18 
carbon atoms and more suitably 2 to 6 carbon atoms and 
preferably. 2 to 12 catbon atoms for example 4 carbon 
atoms that is the mono alkyl ether is a monobutyl 
ether. 

Suitably the polyoxyalkylene residue in the mono 
alkyl ether is a hydrophilic residue that contains 
polyoxyethylene or polyoxypropylene residues or mixtures 
thereof. Preferred polyoxyalkylene residues are those 
which contain a mixture of polyoxyethylene and 
polyoxypropylene residues in a ratio of from 20:80 to 
80: 20. for example 50:50. The residues may be randomly 
arranged with respect to each- other. 

A preferred polyoxyalkylene diol mono alkyl ether 
is therefore polyoxyethylene - polyoxypropylene mono 
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butyl ether in which the ratio of poly oxye thy lene to 
polyoxypropylene residues is about 50:50 such as the 
Emkarox polyols sold by I.C.I, pic. 

Aptly the molecular weight of the monoalkyl ether 
is from 3000 to 12000, and more suitably is 4000 to* 
10000 and preferably is 5000 to 9000. It has been found 
that polyoxyalkylene diol monoalkyl ethers within this 
molecular weight range provide polymers which are tacky 
and suitable for use on the skin while use of lower 
molecular weight materials tend to provide polymers 
which are not suitable for use as adhesives because they 
are insufficiently tacky. 

The polyoxyalkylene diol mono alkyl ethers for use 
in forming the prepolymer will normally contain water. 
It is preferred however that the polyoxyalkylene diol 
monoalkyl ether contains less than 1% by weight of water 
so as to limit the proportion of urea groups formed in 
the reaction with the polyisocyanate. 

The polyisocyanate used for forming the prepolymer 
will have a functionality of greater than 2- and may 
suitably have a functionality of from 2.1 to 5 and more 
suitably from 2.2 to 3.5 and preferably from 2.5 to 3.0 
for example 2,5, 2.7, 2.85 or 2.9. Suitable 
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polyisocyanates include (cycle) aliphatic and aromatic 
polyisocyanates . Preferred polyisocyanates are aromatic 
polyisocyanates for example those based on a polymeric 
methylene di phenyl diisocyanater for example the 
Suprasecs (trade mark), which are available from I.C.I. 
It is preferred that the functionality of the isocyanate 
is not more than 3 as this leads to a higher cross-link 
density and is manifest ultimately as a harder adhesive 
which may. not be advantageous for an adhesive which is 
to be applied to the skin. 

The prepolymers may be simply prepared by heating 
the two components together in the required proportions 
at an elevated temperature for sufficient time for the 
reaction to be completed, for example 90 'C for 2 hours, 
in the presence of 0.2% w/w catalyst of dibutyl tin 
dilaurate {T12) . The mole ratio NCO/OH is suitably from 
2.0 to 4.0 in this reaction. 

The adhesives based solely on polyurethanes may be 
prepared ,by reacting the prepolymer described above with 
water. The reaction mixtxire may contain from 10% w/w 
water and-* 90% w/w prepolymer to 9ii% w/w water and 10% 
w/w prepolymer ► It is preferred r however, when forming 
a tacky gel that the concentration of prepolymer is less 
than 25% w/w. If the concentration of prepolymer is 
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greater than 25% w/w then a tacky foam is produced, 
which also forms part of this invention. Normally the 
reactants are mixed together at room temperature and 
allowed to cure for at least 30 minutes. The excess 
water is taken up into the tacky gel or foam to produce 
a swollen gel or foam. It has been foiind that these 
gels and foams may take up a further amount of water 
often upto a weight equal to their original weight. 

The polyurethane adhesives employed in the present 
invention may also be prepared by reacting the 
prepolymer with a stoichiometric amount of polyol. The 
reactants are mixed together and cured at elevated 
temperature for 15 minutes to 2 hours. The resultant 
polyurethane polymer is in the form of a dry adhesive 
mass which is inherently tacky and may absorb upto 90% 
by weight of water. Suitably the polyol is a diol. The 
choice of the polyol and isocyanate-content of the 
prepolymer govern the degree of tackiness of the 
resulting adhesive. Thus the lower isocyanate-content 
of the prepolymer. the lower is the cross-link density 
of the resultant polymer and the more tacky is the 
"adhesive. Thus, also die higher the molecular weight of 
the polyol the softer is the adhesive mass. 
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Suitable polyols are diols which include alkylene 
glycols, di-alkylene glycols and polyoxyalkylene diol 
block copolymers. Suitable diols include diethylene 
glycol, polyoxyethylene diol having a molecular weight 
of about 200 and a polyoxyethylene-polyoxypropylene diol 
block copolymer having a molecular weight of about 2600, 
and polyoxypropylene diol of molecular wt about 2000 • 

The polyurethane-acrylate adhesives employed in the 
present invention may be prepared by reacting the 
prepolymer described above with hydroxy-containing 
compounds a proportion of which also contains an 
xinsaturated functionality which is reactive when exposed 
to irradiation for example ultra violet or electron beam 
irradiation • 

Suitable unsaturated compounds include esters of 
acrylic or methacrylic acid in which there is at least 
one hydroxyl functional group which is capable of 
reacting with isocyanate present. Preferred esters 
include hydroxy ethyl methacrylate and methacrylate 
mono-esters of of polyoxylalkylene diols in which the 
number of repeating ether units is from 1 to 25 and 
preferably 2 to IQ for example 6. 
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The remainder of the hydroxyl -containing compounds 
comprise polyols such as diols or triols or monools such 
as primary alcohols or polyoxyalkylene monoalkyl ethers 
as herein before described. Preferably the 
hydroxyl-containing compounds are polyoxyalkylene 
monoalkyl ethers or other mono-ols which may confer 
additional tacky properties is the adhesive. Such 
mono-ols include hydrogenated mono hydroxylin tackifying 
resins such as hydrogenated abietyl alcohol. 

The proportion of hydroxyl-containing compound 
which also contains an. unsaturated functionality is such 
as to react with from 15 to 25% of the free isocyanate 
groups in the prepolymer. The remainder of the free 
isocyanate groups react with the other 
hydroxyl-containing compounds . 

The resulting polymer has therefore pendant 
unsaturated groups which are capable of interacting with 
each other to cross-link the polymer under the influence 
of a polymerisation initiator and irradiation. One 
suitable form of radiation is ultraviolet irradiation. 
Thg polymer may be mixed with a photoinitiator and the 
mixture irradiated by means of ultraviolet radiation. 
This causes the polymer to become cross-linked. 
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The polyurethane polymer so formed is a cross-linked 
polymer which is capable of absorbing from. 5 to 95% by 
weight of water depending upon the reactants employed. 

Alternatively the adhesive may be formed as a 'wet* 
adhesive by dispersing the uncross-linked polymer and 
photolnitlator in an appropriate voluiae of water and 
then irradiating to form the adhesive. Suitably the wet 
adhesive may contain from 40 to 65% by weight of water* 

The backing or supporting layers employed in the 
present invention should be capable of conforming to the 
body contours when applied to- the. skin and should be 
flexible enough to move with the body without becoming 
detached, suitable flexible backing materials include 
knitted, woven or lion-woven fabrics, nets, microporous 
films such as plastic ised polyvinyl chloride fllitis, 
polymer blend films containing voids, polymeric films, 
including thermoplastic polyurethane and bydrophilic 
polyurethane, elastpmerlc polyesters r styrene^-butadiene 
block copolymers such as Kraton (Trade mark) 
thermoplastic rubbers. 

Favoured materials which may be used as the backing 
layer in the dressing embodiment of the present 
invention include films of hydrophilic polymers. Apt 
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hydrophilic polymers include hydrophilic polyure thanes , 
polyvinyl pyrrolidone, polyvinyl alcohol and cellulosic 
derivatives. 

A favoured hydrophilic jxDlymer is a hydrophilic 
polyurethane • Suitable hydrophilic polyurethanes 
include those having the composition and prepared by the 
process described in British Patent No. 2093190B. The 
most suitable hydrophilic polyurethanes are those which 
contain from 5 to 50% by weight of water when hydrated 
move suitably to 10 to 40% by weight of water and which 
have a thickness when present in a dressing of from 25 
to 120ym, more suitably 30 to 60ym. A preferred film of 
hydrophilic polyurethane has a water content when 
hydrated of 20 to 30% for example 25% and a thickness of 
50ym for example 30pm. 

A favoured flexible backing material is a 
microporous plasticised polyvinyl chloride film formed 
by the process disclosed in British Patent No. 884232. 
The preferred microporous plasticised polyvinyl chloride 
30 to films have a thickness of from 100 to 300 ym, for 
example ISOym, 200ym and 250ym. 

A further favoured backing layer is a thermoplastic 
polyurethane including the linear polyester 
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polyurethanes or polyether polyurethanes knovm as 
Estanes (Trade mark) . Such polyurethanes are used as 
films from 15 to 75 ym in thickness, more favourably 20 
to 35pm in thickness for example about 25ym or 30vim. 

The adhesive layer may have a thickness of from 
0 .05 to 5inm depending upon the type of skin lesion, 
wound or other similar use the dressing is to be put, 
that is thimer layers may be used on non-exuding wounds 
or on dressings for use at intravenous sites while 
thicker layers may be used on exuding wounds where the 
absorptive properties of the adhesive may be 
advantageously used. More suitably the a<fiiesive layer 
may have a thickness of 1.5 to 4mm and preferably 2 to 
3mm. 

The dressings of the present invention may be 
prepared by casting the backing layer frcaa a solution of 
the appropriate polymer at a suitable concentration onto 
a silicone release paper and removing the solvent to 
give a film of the required thickness, A film of the 
adhesive at the required thickness is prepared and the 
two films brought together and adhered to each other to 
form a laminate, preferably without the use of any 
further adhesives. A release coated protector may be 
placed over the adhesive layer and the laminate cut into 
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dressings of the appropriate size for example 5cm x 5cm, 
7,5cin X 7.5cm, 8cm x 8cm, 10cm x 10cm, 5cm x 10cm and 
10cm X 20cm. The dressings may be paclcaged in a 
bacteria-proof and water-proof pouch and be sterilized 
by conventional methods such as irradiation and ethylene 
oxide . 

In use the sterile dressing is removed from the 
pouch, the protector removed from the adhesive surface 
of the dressing and the dressing is applied to the 
wound. 

The dressing may be used as a dressing for woxinds 
caused by physical or surgical trauma, burns, ulcers and 
the like, as a surgical drape, as a dressing for- 
intravenous access sites and any dressing for which long 
term attachment to the skin may be required. 

In a further aspect therefore the present invention 
provides a method of treating a wound on an animal body 
by applying to the woxind an adhesive dressing as 
hereinbefore described. 

Many medicinal agents may be incorporated into the 
adhesives of the present invention. By medicinal agent 
it is meant pharmacologically active agents and agents 
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including topical anaesthetics such as xylocaine, 
bacteriostatic agents such as silver nitrate; 
antibacterial agents of which preferred agents are 
silver sulphadiazine and chlorhexidine salts; 
antibiotics; topical steroids, enzymes, tissue 
stimulants, coagulants and anticoagulants and antifxingal 
agents. Other agents such as emollients may oe added 
after the reaction step- 

Advantageously water soluble medicaments such as 
chlorhexidine and its salts may be dissolved in the 
water which is used to react with the prepolymer. It is 
foxind that chlorhexidine is unaffected during the 
process and the resulting adhesive provides effective 
release of chlorhexidine when placed onto the skin. 

Example 1 

A polyoxyethylene - polyoxypropylene diol monobutyl 
ether r which has a ratio of polyoxyethyl^e to 
polyoxypropylene residues of 1:1 and molecular weight of 
4095 (300g, 0.073 moles based on OH value) and a 
polymeric methylene diphenyl diisQsryanate (37,21g, 0.266 
moles, - NCO functionality of 2.7) were mixed together 
at an NCO/OH ratio of 2.5 in a 700cm3 flange flask 
fitted with an overhead stirrer. The flask was heated 
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in a water bath set to a temperature of 90*C. A 
catalyst comprising dibutyl tin dilaurate (0.2% w/w) was 
added. The mixture was stirred at 90 "C for two hours. 
The prepolymer so formed was allowed to cool. The 
prepolymer was a golden yellow viscous liquid which may 
be stored in a capped bottle until ready for use. The 
prepolymer was found to have an isocyanate content of 
1.98%. 

A portion of the prepolymer and the calculated 
quantity of diethylene glycol which would react with all 
the available isocyanate were mixed at room temperature 
until homogeneous and then spread onto a silicone 
release paper at a weight per unit area of 280gsm and 
cured at 90* C to give an adhesive mass. 

The adhesive mass contained 85% by weight of water 
when fully hydrated. 

A precast film of a thermoplastic polyether 
polyurethane may be transfer coated onto the adhesive 
mass and the laminate strip so formed cut into pieces 
which are suitable foe adhesive dressings an4_packed 
in a bacteria proof and waterproof package and 
sterilised by irradiation. 
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in use the sterile dressing is removed from the 
package, the silicone coated release paper removed and 
the adhesive layer placed against and around the wound 
area. 

A film of adhesive gel was coated onto various 
substrates commonly used in wound dressings at either 
a weight per unit area of either 285 gsm or 70 gsm. 
The upright and inverted moisture transmission rates 
were measured and the results shown in the following 
table • 

Demonstration 1 

Upright MVP Demonstration 

Discs of material under test are clamped over Payne 
Permeability Cups (flanged metal cups) using sealing 
rings and screw clamps. The exposed surface area of the 
test sample may . be conveniently 10cm», Each cup 
contains approximately 10ml of distilled water. 

After weighing the cups are placed in a fan 
assisted electric oven which is. maintained at 37 ± 1*C, 
The relative humidity within the oven is maintained at 
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approximately 10% by placing IKg of anhydrous 3-8 mesh 
calcium chloride on the floor of the oven. 

The cups are removed after 24 hours, allowed to 
cool for 20 minutes and re-weighed. The MVP of the test 
material is calculated from the weight loss experienced 
in units of grams of weight per square metre per 24 
hours . 

Inverted MVP Determination 

The method described above is employed except that 
the Payne Cups are inverted in the oven so that the 
water within the cups is in contact with the test 
material and in this case with the gel adhesive. 
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Substrate 


Weight per 


Upright (U)/ 


MVTR (g/m»/2h) 




unit area of 


Inverted 






adhesive 


cup (I) 




Polyurethane 


285 


u 


1472 


containing 25% 


285 


I • 


7356 


by weight 








water when - 








hydrated,30gsm 








Polyurethane 


70 


U 


1455 


(as above) 


70 


X 


^14000 


Plasticised 


70 


u . 


1444 


Polyvinyl 


70 
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5384 


Chloride 








(ISOym thick) 








Knitted 


70 
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5600 


Fabric 


70 


I 


>14000 


Polymer net 


T-Q 


u 


1644 


prepared 


70 


I 


>14000 


according to 








UK Patent No. 








1531715 
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CLAIMS 

1. An adhesive dressing suitable for application to 
skin including a support layer for a coating of a 
polyure thane gel or foam adhesive, which adhesive is 
inherently tacky and contains not more than 10% by 
weight of leachable materials. 

2. A dressing as claimed in claim 1 wherein the 
polyurethane is a hydrophilic polyurethane . 

3. A dressing as claimed in claim 2 wherein, when 
hydrated. the polyurethane contains 35 to 95% by weight 
water. 

4. A dressing as claimed In claim 3 wherein, when 
hydrated the polyurethane contains from li to 85% by 
weight water. 

5. A dressing as claimed in any one of the peeling 
claims wherein the adhesive contains residues derived 
from both polyurethane and an acrylate or methacrylate . 

6. A dressing as claimed in any one of the proceeding 
claims wherein the polyurethane residues are derived 
from an isocyanate prepolymer which is the reaction 
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product of polyisocyanate and a polyoxyalkylene did 
monoalkyl ether. 

7. A dressing as claimed in claim 6 wherein the 
the hydroxy compound is water or a polyol. 

9. A dressing as claimed in claim 7 wherein at least 
a proportion of the hydroxy compound hydroxyl compound 
which is capable of reacting with isocyanate and which 
contains an unsaturated functionality which is reactive 
wheji exposed to irradiation. 

10. A dressing as claimed in claim 9 wherein the 
hydroxyl compound in an ester of acrylic or methacrylic 
acid. 

11. A dressing as claimed in any one of claims 8 to 10 
wherein the concentration of water is from 10 to 90% by 
weight of. the prepolymer. 

12. A dressing as claimed in claim 11 wherein the water 
is less than 25% by weight of the prepolymer. 

13. A dressing as claimed in any one of claims 8 to 12 
wherein the polyol is a diol. 
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14. A dressing as claimecl in claim 13 wherein the diol 
is present in a stoichiometric amount with respect to 
the isocyanate prepolymer. 

15. A dressing as claimed in any one of claims 6 to 14 
wherein the alkyl moeity of the polyoxyalkylene 
monoalkyl ether contain from 2 to 6 carbon atoms. 

16. A dressing as claimed in any one of claims 6 to 15 
wherein the polyoxyalkylene residue of the ether in a 
hydrophilic residue containing poly oxy ethylene or 
polyoxypropylene residues or mixtures thereof. 

17. A dressing as claimed in either of claims 15 or 16 
wherein the ether is a poly oxy ethylene - 
polyoxypropylene mono-butyl ether in which the ratio of 
polyoxyethylene to polyoxypropylene residues is about 
50:50. 

18. A dressing as claimed in any one of the preceeding 
claims wherein the support layer is a flexible knitted 
woven or non-woven fabric, a net, a microporous polymer 
film, or a moisture vapour permeable polymeric film. 

19. A dressing as claimed in any one of the preceeding 
claims wherein the adhesive contains a pharmacologically 
active medicinal agent. 
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20. A dressing as claimed in any one of the preceeding 
claims wherein the content of materials leachable into 
water is less than 2.5% by weight of the adhesive. 

21. A dressing as claimed in any one of the preceeding 
claims, within a sterile package. 

22. A method of treating a woimd on an animal body by 
applying to the wound an adhesive dressing as claimed in 
any one of the preceeding claims. 
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